To review the main phenomenological variants observed among bulimia spectrum syndromes and the factors believed to act etiologically for them and also to generate an etiologic model that accommodates known heterogeneities within the population suffering bulimic syndromes.
Phenotypes
BN, a normal-weight syndrome characterized by binge eating followed by vomiting, laxative misuse, or other compensatory behaviours, was initially described in 1979 in nearly simultaneous reports published by Russell in England, Igouin in France, and Ashkelova in Bulgaria. 2 About a decade later, BED-also characterized by recurrent binge episodes, but without compensatory behaviours-was proposed to be a separate form of binge eating syndrome. BED, currently classified in the DSM-IV-TR as an EDNOS, seems distinct from BN in that it appears to affect proportionally more male individuals (a 2:3 male-to-female ratio) and older individuals. 3 PD, another proposed EDNOS, is defined by recurrent purging without binge eating in normal-weight individuals and also shows some syndromic distinctiveness. 4 Empirical Support for Bulimic Phenotypes It is the task of latent class or taxometric analyses to detect underlying types or categories structuring relations among symptoms. Latent class and taxometric studies concur that BN and BED are categorical and can be discriminated from other ED subtypes and from normal eating. [5] [6] [7] Mixed evidence supports the distinctiveness of PD. 7, 8 We note, incidentally, that latent class studies do not support diagnostic subtypes already incorporated into the DSM-IV-TR that differentiate purging from nonpurging or syndromic from subsyndromic forms of BN. 6, 7 Taken together, there is robust evidence for BN and BED, accumulating evidence for PD, and lack of evidence for some diagnostic distinctions that have been included in the official DSM-IV-TR nomenclature.
Comorbidity
All eating disorder variants, including AN, coaggregate with anxiety and mood disorders on Axis I, with anxious-fearful personality disorder subtypes on Axis II, and, at a trait level, with perfectionism and harm avoidance. 9 However, bulimic syndromes often show unique additional associations with panic disorder, dramatic-erratic personality disorders, and alcohol and substance dependence, as well as with traits of novelty seeking, impulsivity, and affective instability. 10, 11 In other words, bulimic syndromes often coincide with a generalized flavour of disinhibition or dysregulation. The first-degree relatives of bulimia sufferers are also noted to be prone to depression, as well as to substance use, posttraumatic stress, panic, generalized anxiety, obsessive-compulsive, and impulse control disorders, which suggests that such tendencies have familial origins. 12, 13 Comorbidity associated with BED is similar to that found in BN, although impulsive traits may be somewhat less prominent. 11 Likewise, as in BN, studies on PD report increased rates of anxiety, mood, substance use, and personality disorders. 4, 14 
Intradiagnostic Heterogeneity: Subphenotypes
Although it is true that about one-third of bulimic cases are "dysregulated," another one-third lean toward compulsivity and overcontrol. Such differences have led theorists to propose distinct bulimic subtypes defined by variations in concurrent psychopathological traits. [9] [10] [11] A shared concept is that there are multiple pathways to bulimic syndromes. Sometimes, they are characterized by intensive dieting (which promotes eventual appetitive counterregulation, or binge eating); sometimes, a pervasive "dysregulatory pathology," affecting not only appetite regulation but also mood and impulse control, is implicated. Early thinking along these lines proposed "uni-" as opposed to "multi-impulsive" 15 or "borderline" as opposed to "nonborderline" BN variants. 16 More recent findings point to 3 broad subphenotypes: psychologically intact, although perfectionistic; overregulated or compulsive; and 6, [17] [18] [19] Not surprisingly, dysregulated individuals reportedly display more comorbid psychopathology (for example, depression, self-mutilation, or drug abuse), developmental disturbance (for example, child abuse or attachment problems), and probably, poorer treatment outcome. 10
Putative Etiologic Factors in Bulimic Syndromes

Sociocultural Influences
Many findings attest to the influence of culture on eating disorder development. For example, after the introduction of US television in Fiji, body satisfaction among indigenous women plummeted. 20 However, according to one very comprehensive review, AN has shown surprisingly little increase in incidence over the years and occurs frequently in areas that are quite untouched by the culture of slimness. 21 By contrast, bulimic syndromes appear to have increased dramatically in prevalence during the later 20th century, particularly in industrialized cultures. These characteristics argue that bulimic syndromes are, if anything, the culture-bound entitiesexpressions of a maladaptive, population-wide exposure to excessive cultural inducements to diet. Consequently, we infer that a proper etiologic model for bulimic syndromes needs to accommodate triggering effects of pressures to diet.
The Place of Dieting in Bulimic Syndromes
Binge eating is widely believed to represent an eventual erosion of appetitive controls following prolonged physiological and cognitive dietary restraint. 22 This notion receives strong support from the personal retrospectives of bulimia patients, from prospective studies on binge antecedents in nonclinical populations, and from naturalistic studies on binge precursors in binge eaters. Dietary restraint therefore becomes a likely mediator in the link between social pressures to be thin and bulimic behaviours. In BED, the role of dietary restraint may be less evident; however, restraint is regarded to be, at the least, an important maintaining factor. 3 Despite its importance, the causal role of dietary restraint in bulimic syndromes needs to be nuanced because findings point to trait-based moderators of the impact of restraint on later binge eating. For example, evidence from experiencesampling studies (which assess actual, ongoing relations between changing moods, self perceptions, and eating behaviours) suggests that impulsive bulimia patients binge less often in response to dietary restraint 23 and more often in response to negative affects 24 than do nonimpulsive ones. Pointing to a possible neurobiological substrate, a recent experience-sampling study of ours found bulimia sufferers with low platelet-paroxetine binding (presumed to be a proxy for low 5-HT transporter activity) to be especially sensitive to negative moods as binge triggers. 25 One explanation may be that dysregulation (or a serotonergic factor associated with it) amplifies susceptibility to binge eating. Together, such findings lead to the suggestion that attention to traits (that is, to subphenotypes) and to corresponding neurobiological substrates (that is, to endophenotypes) may be etiologically informative.
Neurobiology
Serotonin
The 5-HT system regulates mood, social behaviour, impulsivity, and eating behaviour, [26] [27] [28] with low-ebb 5-HT neurotransmission promoting compulsive (or binge-like) eating. This creates interest in the pathophysiological potentials of 5-HT in binge eating syndromes. Studies of the 5-HT system in BN have indicated anomalies across diverse 5-HT indices that include reduced platelet binding of 5-HT uptake inhibitors, reduced central 5-HT transporter activity, and diminished neuroendocrine responses to 5-HT precursors and agonists. In BED, studies have documented similar disorderrelevant alterations in 5-HT functioning. 23 Clearly, there is the impression that BN and BED sufferers are prone to 5-HT dysregulation.
Although 5-HT alterations could result from the intermittent caloric restraint that characterizes bulimic eaters, many findings suggest that 5-HT alterations in BN are part of a primary vulnerability. For example, studies reveal altered 5-HT 2A receptor binding 30 and reduced platelet-paroxetine binding 31 in women who are fully recovered from BN. Further, individuals suffering from bulimia who have greater impulsivity, hostility, self-destructiveness, or borderline features show more pronounced 5-HT abnormalities, 27 suggesting that anomalous 5-HT may be characteristic of subphenotypes characterized by impulsivity, hostility, self-destructiveness, or recklessness. These findings parallel results showing that impulsivity in populations without eating disorders often corresponds to low 5-HT tone. 32, 33 If so, constitutional impairments in 5-HT functioning could be a neurobiological bridge between impulsivity and binge eating.
Roles of Other Appetite-Regulating Neurotransmitters, Peptides, and Hormones
Although etiologic effects need to be ascertained, other biological systems also appear to have roles in bulimic pathophysiology; for example, functional dopamine alterations have been documented in bulimia sufferers. 34 However, levels of cerebral spinal fluid homovanillic acid (the dopamine metabolite) appear normal in individuals who have recovered from bulimia, 35 suggesting that dopamine changes could be more consequence than cause. BDNF mediates appetite suppression and body-weight reduction through stress-induced effects involving the 5-HT system; further, reduced BDNF activity has been linked to hyperphagia and abnormal 5-HT expression in animal models. Suggestive findings in eating disorder sufferers show reduced serum BDNF in BN, and also in AN, but not in BED. 36, 37 These findings suggest a need for a more elaborate understanding of any causal role of this neuropeptide. CCK, a peptide secreted by the gut, acts on the hypothalamus to produce satiety. Basal and postprandial plasma CCK levels have been observed to be low in BN sufferers, which suggests a possible facilitating effect on bulimic behaviour. 38 If low CCK levels are a trigger for binge episodes, parallel effects would be expected in BED, but this has not been the case. 39 Like CCK, PYY is a gut peptide involved in appetite regulation. In subjects with BN, PYY has been found to be low after eating. 40 Leptin, a hormone secreted by fat cells, regulates appetite and energy expenditure in accordance with fat stores. Several studies report that normal-weight women with BN have low leptin levels. 41, 42 Although such findings could imply that leptin has a maintaining role in BN, no parallel role has been indicated in BED. 39 Indeed, results from studies of BED indicate an association with the chronicity and severity of bulimic episodes, implying that alterations may largely be disorder sequelae. Finally, ghrelin affects growth hormone secretion, short-term regulation of appetite, and long-term regulation of energy balance and glucose homeostasis. There is some evidence for a role of ghrelin in BN 43, 44 and BED. However, because ghrelin alterations have been observed in both obese and nonobese binge eaters, 43 it is likely that alterations in this system coincide with binge-induced energy balance rather than with a propensity to obesity or overeating. Further, molecular genetic findings (to be reviewed below) provide little evidence for a causal role of ghrelin in BN or BED. There is, in other words, evidence for functional alterations in several transmitter and peptide systems in individuals with active bulimia. A convincing causal role for these substances has not, however, been established as yet.
Familial and Developmental Factors
Observational studies have led to the idea that the prototypic family within which a binge-purge syndrome will develop is characterized by tension, disengagement, nonnurturance, and hostility. 45 Similarly, families of BED patients have been described as incohesive, disengaged, unexpressive, conflictual, and controlling. 46, 47 However, average tendencies risk being misleading because family dysfunction appears to predict personality pathology in BN more strongly than it does the severity of eating disturbances. 48 The preceding implies that family influences may moderate comorbid manifestations such as personality disturbances in BN without showing much in the way of eating-specific effects. In other words, family environment variables may underlie a subphenotype within the bulimic population that is characterized by heightened impulsivity or affectivity rather than by broad phenotypes such as BN or BED.
Findings from studies of childhood trauma in bulimia patients point to a similar conclusion: Studies in clinical and community samples associate childhood abuse preferentially with bulimic, rather than with restrictive, eating disorders. 49, 50 Studies of BN and BED have both noted, however, that childhood abuse predicts the severity of personality pathology, impulsivity, dissociative potentials, self-injuriousness, and other forms of comorbidity more directly than it does the severity of bulimic symptoms. [50] [51] [52] Such tendencies suggest that abuse may correspond to our dysregulated subphenotype rather than to a main eating disorder phenotype such as BN or BED.
Endophenotypes
A potential endophenotype for risk of developing bulimic symptoms would be a trait (either neurobiological or neuropsychological) associated with risk of bulimic symptoms and occurring in the absence of active symptoms in at-risk individuals or in unaffected first-degree relatives. We have recently documented a possible candidate: low paroxetine binding has been observed in nonbulimic mothers and sisters of women with bulimia, which parallels the observation of marked reductions in platelet-paroxetine binding in both actively bulimic and fully recovered women. 31, 53 Although similar observations in the context of other disorders makes disorder specificity dubious, such findings still point to reduced 5-HT transporter activity as a plausible contributor to a cascade of risks-to eventual 5-HT dysregulation, binge eating, affective symptoms, and behavioural dyscontrol. In addition, certain neuropsychological or cognitive tendencies present as plausible endophenotypes in bulimic syndromes. For example, problems of attention and executive functioning, 54 perceptual and mental set shifting, 55 disinhibition, 56 and avoidance learning 57 may all represent neuropsychological markers of risk for bulimic syndromes.
Genotypes
Heritability estimates for BN from twin studies 58 range from 28% to 83%, and one study 59 reports 41% heritability for syndromes resembling BED. Findings such as these have triggered interest in the search for candidate genes in bulimic syndromes. Some studies suggest that 5HTTLPR constitutes a candidate for BN 60 and BED. 61 Others fail to replicate such associations. 62, 63 In the dopamine system, there appears to be higher frequency of a short allele variant of the 3´-UTR VNTR polymorphism 64 and of the 7-repeat allele of the DRD4 gene 65 in bulimic eaters. A case-control study 66 of European patients has linked the Met66 variant of the BDNF gene to BN, but other findings have been negative. 67 Findings to date for an association with BN of polymorphisms acting on
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An alternative approach assuming that genetic factors explain subphenotypic (or trait-based) variations has arguably done somewhat better: For example, studies have documented elevated affective instability, impulsivity, borderline PD, 71 or harm avoidance 72 in bulimia sufferers who carry the short (s) allele of 5HTTLPR. Other studies 73, 74 associate the g allele of the 5-HT 2A gene (-1438A/G) with greater impulsivity in BN. Such findings imply that genotypic variations may map onto disorder-relevant intermediate phenotypes (that is, trait-level variations) in the population with bulimia more closely than they do onto gross phenotypes such as BN.
Gene-Environment Interactions
Interactions between genotypes and developmental stressors have been documented in various disorders. For example, Caspi et al 75 showed that the low-activity 5HTTLPR s allele increased risk for depression in previously stressed adults, whereas Kaufman et al 76 found childhood maltreatment to confer disproportionate vulnerability to depression in 5HTTLPR s/s homozygotes-especially when current social supports were poor. In keeping with these observations, we have recently found that women suffering from bulimia who are both carriers of the s allele of 5HTTLPR and survivors of severe childhood abuse report more pronounced sensation seeking and insecure attachment. 77 Such findings could suggest environmental activation (via childhood abuse) of a vulnerability that is genetically determined and mediated by 5-HT. However, we also emphasize that it seems not to be the bulimic syndrome itself that is explained by any such gene-environment interactions but, rather, the propensity of individuals suffering from bulimia to display specific personality traits. In this respect, genetic factors (that is, the 5HTTLPR s allele) and developmental experiences (that is, childhood abuse) may be external validators for the intact-dysregulated distinction to which we have already referred, and they may be of greater value in explaining variations among intermediate phenotypes (for example, impulsive as opposed to nonimpulsive) than in explaining main phenotypic status (that is, bulimic or not bulimic). Whether or not the preceding is true, attention to environmental influences on gene expression is likely to explain inconsistent findings in the available literature on genetic effects in bulimic syndromes.
Discussion
During the roughly 30 years that have passed since bulimia spectrum disorders were introduced to official diagnostic nosology, there have been substantial shifts in assumptions about etiology. For example, one assumption had it that bulimic syndromes express a fundamental problem of impulse regulation. Instead, however, empirical evidence shows that, although impulse control problems may "help" (that is, they are present in a disproportionately large number of sufferers), binge-purge syndromes occur in a heterogeneous group of individuals, many of whom show little or no impulsivity at all. A related assumption has been that bulimic syndromes spring from unfavourable family climates tinged with parental neglect, hostility, or (in extreme instances) abuse. Although some families in which bulimic syndromes arise clearly conform to these descriptors, it can be argued that most do not. Our review suggests that individual and familydevelopmental variations seen in bulimic syndromes probably explain subphenotypic variations (characterized by variations on an overcontrolled-to-dyscontrolled continuum) seen in some bulimia sufferers better than they do the existence of bulimic symptoms themselves. Similarly, although accumulating evidence links the functioning of 5-HT, dopamine, leptin, CCK, BDNF, PYY, and other neurotransmitter and neuropeptide systems to bulimic syndromes, state-of-the-art research provides more evidence for the idea that, in bulimia sufferers, alterations in biological regulatory systems account for variations in such concurrent symptoms as impulsivity, perfectionism, self-destructiveness, or harm avoidance than for the idea that such alterations account for eating-specific disturbances. 26, 27 
Do Bulimia-Specific Etiologic Factors Exist?
If it is true that many personality, family, developmental, or biological variables explain incidental, rather than eatingspecific, characteristics, the following question arises: What factors have disorder-specific explanatory power? Although it may seem a bit obvious, there is little doubt that overinvestment in achieving slimness (and consequent disinhibition of appetite that is due to excessive dietary restraint) is a central causal agent in bulimic syndromes. Such effects, together with the knowledge that bulimic syndromes are closely bound in space and time to a Western culture of thinness, encourages a construal of these syndromes as being fairly direct responses to cultural pressures to maintain excessive control of appetite and body weight. We find that such social determinism-along with data indicating that bulimic syndromes do, at greater-than-chance levels, affect people who have dysregulatory tendencies where their moods and behaviours are concerned and who have experienced developmental adversity in regard to childhood traumata and other experiences-points to intriguing avenues for an integrative etiologic theory.
Findings from twin, family-epidemiologic, neurobiological, and genetic studies teach us that bulimic syndromes often implicate constitutional susceptibilities. More important, findings from as-yet rare explorations into gene × environment interactions point to an activation of constitutional susceptibilities by environmental pressures related to both social stress and social values regarding thinness. The notion that a single environmental factor-dieting-could exert direct pathogenic effects for bulimic syndromes by altering 5-HT functioning has for several years been fundamental to causal modelling on bulimic syndromes. [26] [27] [28] More recent models propose that other environmental factors may also have destabilizing (that is, 5-HT-mediated) influences. For example, developmental stressors such as childhood abuse have been shown to interact with, and amplify, 5-HT-mediated susceptibilities to affective, behavioural, and appetitive dysregulation in vulnerable individuals. Further, such serotonergic vulnerabilities may be amplified in later life by the serotonergic effects of intensive dieting. 27 The 5-HT system therefore represents an intriguing platform on which a convergence implicating biological, psychological, and social forces acting etiologically in bulimic syndromes could take place. Similar interactive effects may logically exist within other biological systems. Dieting, particularly in vulnerable individuals, is likely to affect the activity of virtually all neurotransmitter, neuropeptide, and hormone systems, whereas stress influences the functioning of various systems having theoretical relevance to eating disturbances, including BDNF, leptin, and the hypothalamo-pituitary-adrenal axis. There are therefore multiple potentials for the occurrence of etiologically relevant interactions among genetic factors, stress-linked amplifiers, and dietary or stress-linked triggers.
Concluding Remarks
Subphenotypes With Multiple Causal Pathways
It is quite likely that bulimic syndromes sometimes reflect a primary disruption of controls over mood, impulse, and appetite in individuals showing marked psychopathology. At other times, bulimic syndromes may reflect a more circumscribed erosion of appetitive controls in relatively intact individuals, following prolonged dieting. Further, there are intriguing correspondences between such subphenotypic variations and variations on biological indicators. The spectrum ranging from affective and behavioural stability to mood and impulse dysregulation (as indicated by neurobiological and genetic data) likely spans a continuum of progressively reduced activity of 5-HT transporter mechanisms. Similarly, the same spectrum could be linked to increasing risk of familial incohesion or childhood abuse. We have argued that it is possible to model these phenomenological differences with reference to the interacting effects of heredity, development, and environmental pressures to diet. Perhaps even more importantly, we speculate that such variations may have significant implications for treatment responsiveness and treatment needs. High-functioning (that is, less serotonergically and developmentally compromised) bulimia sufferers may have relatively focal treatment needs, such as nutritionally oriented therapies that are adequate to treat disturbances resulting more directly from prolonged caloric restraint than from a pervasive self-regulatory problem. Alternatively, individuals showing dysregulation might require a different type and intensity of intervention. If these individuals are influenced by pervasive serotonergic problems related to marked constitutional defects or the consequences of severe developmental stressors, nutritionally focused therapies might simply prove inadequate. Pharmacologic support or more elaborate psychotherapeutic interventions aimed at pervasive impulse control problems or posttraumatic sequelae might, in such cases, be much more appropriate.
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Résumé : Phénotypes, endophénotypes et génotypes dans les troubles alimentaires du spectre de la boulimie
Objectif : Examiner les principales variantes phénoménologiques observées parmi les syndromes du spectre de la boulimie et les facteurs que l'on croit agir étiologiquement pour eux, et en outre, produire un modèle étiologique qui s'adapte aux hétérogénéités connues au sein de la population souffrant de syndromes boulimiques.
Méthode : En définissant les syndromes boulimiques de façon générale, nous abordons les formes de boulimie du seuil d'inclusion et sous ce seuil, et également, les diagnostics provisoires ou récemment proposés d'hyperphagie boulimique (HB) et de trouble avec purge (TAP). Nous examinons les données probantes portant sur la validité de ces entités diagnostiques et sur la place des facteurs socioculturels, développementaux au sein de la famille, neurobiologiques et génétiques dans un modèle étiologique multidimensionnel pour ces classifications.
Résultats :
Les données disponibles valident certains phénotypes et sous-phénotypes boulimiques (caractérisés par des traits comme l'impulsivité ou l'instabilité affective). Les résultats associent les variations sous-phénotypiques (ou basées sur les traits) avec des endophénotypes présumés, comme une activité réduite des transmetteurs de sérotonine, et avec des candidats génotypes affectant le système de sérotonine. Les données indiquent également des correspondances intrigantes entre les interactions gènes-environnement et les variations sous-phénotypiques (dans des dimensions comme la recherche de nouveauté).
Conclusions :
Les syndromes boulimiques reflètent parfois un dérèglement primaire des contrôles de l'humeur, des impulsions et de l'appétit chez les personnes présentant une psychopathologie marquée; d'autres fois, ils reflètent une érosion plus circonscrite des contrôles de l'appétit chez des personnes relativement intactes, à la suite d'un régime prolongé. Nous alléguons que des perspectives dimensionnelles, incluant une attention soutenue aux traits de personnalité comorbides et aux symptômes, sont nécessaires pour adapter les hétérogénéités existantes au sein de la population souffrant de boulimie et pour caractériser les rôles étiologiques des variables développementales au sein de la famille, neurobiologiques et génétiques (et des interactions au sein de ces variables) dans les syndromes boulimiques.
